Abstract. The optical indicatrix gives the relation between the direction of vibration and the index of refraction of light propagating in the crystal. In this paper, from the direction of the wave normal and the optical indicatrix, the general formula of the refractive index and the direction of the vibration of the light propagating in the crystal is derived by using the coordinate rotation method. The solution is appropriate to both uniaxial crystal and biaxial crystal. The result is simple and meaningful with physical significance.
Introduction
The optical indicatrix is a description of the crystallographic optical characteristics of an important mathematical model in crystallographic Optics. It gives the relation between the direction of wave normal, the direction of vibration and the index of refraction when the light propagates in the crystal. Many important researches on crystal optics and optical properties should begin with the optical indicatrix. In this paper, from the direction of the wave normal and the optical indicatrix, the general formula of the refractive index and the direction of the vibration of the light propagating in the crystal is derived by using the rotation of the coordinate axis. The solution to the existing data is only about one axis crystal, avoiding the two axis crystal, or derived from the first equation of crystallographic optics. The process of solution is deep complex, and not easy to grasp. In this paper, the relation between the direction of the wave normal and the direction of vibration and the refractive index is given visually by the rotation of the coordinate axis.
Theoretical basis
The optical indicatrix is a rotating ellipsoid whose refractive index is expressed in the direction of light wave vibration by a line segment of a certain length, or the three axis ellipsoid. And it is a single shell surface. Assuming that the direction of the wave normal is known, the two refractive index values in this direction can be solved by making a plane perpendicular to the known wave normal through the center of the optical indicatrix. The plane cut out from the optical indicatrix is absolutely a elliptic curve (It is a circle curve in particular). The long and the short diameter of the ellipse represent the magnitude of the two refractive index. The direction of the long and short radius of the ellipse represents the direction of vibration of the two light wave. The two directions are perpendicular to each other and are perpendicular to the direction of the wave normal.
The optical indicatrix of an advanced crystal family is a sphere, and there is no birefringence occurs when light passes through. The equations are: 
Formula Deduction
In order to preserve the generality, we formulate the equation of the ellipsoid of optical indicatrix as: (
Here we turn the ellipse into a canonical form by rotation of the coordinate axis. We rotate the original x axis to the x' axis under the new coordinate, which is consistent with s. And the direction of the x', y' axis is arbitrary. Now, the ellipse is in the plane y' oz. As shown in Fig. 1 , the original coordinate system is a xoy system; after one rotations, the coordinate system is x 'oy'; after 2 rotations the coordinate system is x "oy". OA=a, OB=b and OC=c are the three main radii of the ellipsoid (corresponding to the 3 principal refractive index of polarized light); OD and OE are the long and minor axes of the ellipse (corresponding to the 2 refractive indices of the s). According to linear transformation:
where Put (3) into (1) formula, and get the elliptic equation: 
The elliptic equation at this point can be expressed as: 
The plane x'y'z' rotates θ degrees around the x' axis (Fig. 2) . The transformation is y'=y"cosθ-z"sinθ, z'=y"sinθ+z"cosθ. 
Conclusion
The method mentioned above is applicable to various situations of the refractive index of light waves propagating in crystals and the direction of vibration.
The x" axis is the direction of the known light wave normal; the axis y" and axis z" represent the vibration direction of the two polarized lights after birefringence; while the long and short diameter indicate the refractive index of the polarized light in that direction. When the normal direction of the light wave travels in the direction of the main axis (x axis) of the optical indicatrix, it can be intuitively obtained that the elliptic equation corresponding to it is y The above formula is derived from lower crystalline family (two axis crystal). There are three main refractive indexes: a, b and c. Making two of them equal, such as a=b≠c, we can solve the intermediate crystal family (uniaxial) equation. And when a=b=c, the ellipsoid degenerates into a sphere, and the intersection of the plane  is a circle, There is no difference between the long and short diameter. The polarization direction of the light is arbitrary, and the refractive index is constant. That is, no birefringence occurs, which is the basic property of the higher crystalline family.
In the lower crystalline family (two axis), we might as well take a special direction for checking; That is, the light wave normal takes place in the direction of the first optical axis s：（ That is, put A= . At this point, the ellipse has been reduced to a circle without rotating the fixed axis. Its physical significance is obvious: when the light wave normal goes along this direction, no birefringence occurs, and the two refractive index is b. That is, the main refractive index (nm) of the lower crystalline family (two axis). This is the basic property of light propagating along the first axis.
